Background: Inflammatory cells contribute to the growth and spread of human malignancies by producing molecules that enhance tumour invasiveness. Aims: To characterise the inflammatory infiltrate in pancreatic ductal adenocarcinoma and to analyse its contribution to angiogenesis and its prognostic relevance. Methods: Immunohistochemistry was used to identify inflammatory cells and evaluate the expression of proangiogenic and prolymphangiogenic molecules (vascular endothelial growth factor A (VEGF-A), VEGF-C, and basic fibroblast growth factor (bFGF)) by inflammatory and cancer cells in 137 pancreatic cancers. Intratumorous microvessel density (IMD) was assessed using CD34 as an endothelial cell marker. Results: There were significantly more mast cells and macrophages in pancreatic cancers than in normal pancreas and the number of mast cells directly correlated with the presence of lymph node metastases. However, there was no relation between numbers of infiltrating inflammatory cells and the presence of chronic pancreatitis (CP)-like changes in the parenchyma surrounding the tumour. Double immunostaining revealed that both pancreatic mast cells and macrophages express VEGF-A, VEGF-C, and bFGF. These factors were also expressed in the tumour cells in many cases. The numbers of VEGF-A expressing tumour cells and bFGF expressing tumour and inflammatory cells significantly correlated with IMD. Moreover, tumours with higher IMD had higher numbers of infiltrating mast cells and macrophages. Conclusions: Mononuclear inflammatory cells of the non-specific immune response are recruited to pancreatic cancer tissues independent of the presence of CP-like changes, may influence the metastatic capacity of the cancer cells, and may contribute to the development of tumours with high angiogenic activity. P ancreatic adenocarcinoma is characterised by a dense, desmoplastic stroma rich in collagen fibres, extracellular matrix proteins, fibroblasts, and inflammatory cells.
Background: Inflammatory cells contribute to the growth and spread of human malignancies by producing molecules that enhance tumour invasiveness. Aims: To characterise the inflammatory infiltrate in pancreatic ductal adenocarcinoma and to analyse its contribution to angiogenesis and its prognostic relevance. Methods: Immunohistochemistry was used to identify inflammatory cells and evaluate the expression of proangiogenic and prolymphangiogenic molecules (vascular endothelial growth factor A (VEGF-A), VEGF-C, and basic fibroblast growth factor (bFGF)) by inflammatory and cancer cells in 137 pancreatic cancers. Intratumorous microvessel density (IMD) was assessed using CD34 as an endothelial cell marker. Results: There were significantly more mast cells and macrophages in pancreatic cancers than in normal pancreas and the number of mast cells directly correlated with the presence of lymph node metastases. However, there was no relation between numbers of infiltrating inflammatory cells and the presence of chronic pancreatitis (CP)-like changes in the parenchyma surrounding the tumour. Double immunostaining revealed that both pancreatic mast cells and macrophages express VEGF-A, VEGF-C, and bFGF. These factors were also expressed in the tumour cells in many cases. The numbers of VEGF-A expressing tumour cells and bFGF expressing tumour and inflammatory cells significantly correlated with IMD. Moreover, tumours with higher IMD had higher numbers of infiltrating mast cells and macrophages. Conclusions: Mononuclear inflammatory cells of the non-specific immune response are recruited to pancreatic cancer tissues independent of the presence of CP-like changes, may influence the metastatic capacity of the cancer cells, and may contribute to the development of tumours with high angiogenic activity. P ancreatic adenocarcinoma is characterised by a dense, desmoplastic stroma rich in collagen fibres, extracellular matrix proteins, fibroblasts, and inflammatory cells. 1 Recent studies have analysed the relation between tumour cells and the surrounding stroma in pancreatic cancer, and have demonstrated the existence of spatially distinct compartments of gene expression that lead to the establishment of a sort of crosstalk between the connective tissue cells and the cancer cells. 2 3 According to these studies, molecules related to the immune response, such as immunoglobulin light and heavy chains, are selectively overexpressed in the tumour stroma. 2 This fact supports the existence of an antitumour immune response exerted by the inflammatory cells that populate the peritumorous connective tissue. However, inflammatory cells may take part in the process of tumour invasion: tumour cells produce cytokines and growth factors that promote the growth of fibroblasts and may have chemotactic effects on inflammatory cells, which in turn synthesise cytokines, growth factors, and proangiogenic factors that contribute to cancer progression. 4 5 In addition, it is well known that the infiltration of inflammatory cells into a defined site of the organism can precede the development of a neoplasm and that a pre-existing inflammatory, often infective, condition can be involved in the pathogenesis of many human malignancies. Examples include gastric carcinomas that arise in a Helicobacter pylori induced gastritis environment or hepatitis B virus/hepatitis C virus related hepatocellular carcinoma. In some settings, a chronic, noninfective inflammatory condition is responsible for the promotion phase of carcinogenesis, as in the case of smoking related bronchial cancer. 6 Pancreatic cancer may also develop in the context of a chronic inflammatory condition. Chronic pancreatitis is recognised as a definite risk factor for the development of pancreatic cancer, and many of the growth promoting factors that are involved in tissue remodelling and regeneration in chronic pancreatitis are frequently overexpressed in pancreatic cancer. 7 8 However, the mechanisms that connect inflammatory cells to the development of pancreatic cancer are not clear. The involvement of macrophages in the proliferation and invasive capacity of pancreatic tumour cells and in the process of angiogenesis through the production of the macrophage proinflammatory chemokine3a, has been postulated. 9 The contribution of macrophages to the growth of tumour cells has been described in other human malignancies. For example, in breast cancer the expression of colony stimulating factor 1 (CSF-1) correlates with an intense macrophage infiltration and with poor prognosis; moreover, transgenic mice bearing a recessive null mutation in the CSF-1 gene develop mammary tumours with little inflammatory infiltration and low metastatic potential. 10 Mast cells frequently accumulate in human tumours and tend to concentrate at tumour borders, as first described by Westphal in 1891. 11 A relation between the number of mast cells and the invasive ability of the tumour cells has been described in melanomas and lung and oesophageal carcinomas, and has been mainly related to the production of proangiogenic factors by mast cells. [12] [13] [14] However, in a previous series of 26 cases of pancreatic adenocarcinoma, no correlation between mast cell infiltrates and pathological parameters of local and distant invasion was found. 15 ''The mechanisms that connect inflammatory cells to the development of pancreatic cancer are not clear''
The purpose of our study was to characterise the mononuclear inflammatory cells in pancreatic ductal adenocarcinoma specimens and to assess their role in the production of proangiogenic growth factors that may influence the intratumorous microvessel density (IMD) and contribute to the local and distant spread of the cancer cells.
METHODS

Patients
Pancreatic adenocarcinoma tissue samples were obtained from patients (n = 137; 66 men, 71 women; median age, 68 years; range, 37-88) undergoing surgery for pancreatic cancer between January 1996 and October 2002. In 70 patients (51%) a pylorus preserving pancreaticoduodenectomy was performed; 30 patients (22%) underwent a pancreatic left resection, 26 patients (19%) had a classic Whipple resection, and 11 (8%) had a total pancreatectomy. In one case, the tumour was a pancreatic body recurrence in a patient operated on four years before for ductal adenocarcinoma of the pancreatic head. One patient received preoperative chemotherapy. Follow up data were available for 79 patients. Of these, 14 patients (18%) were disease free and alive with a follow up of 14-89 months (median, 27 months). Sixty five patients (82%) died as a result of disease recurrence; survival time was calculated from the date of surgery until the date of death.
Ten samples from non-neoplastic pancreatic tissues were obtained through an organ donor programme.
Pathological analysis
Tissue samples were received fresh from the operating theatre immediately after removal, fixed in 10% buffered formalin, and embedded in paraffin wax for subsequent routine histopathological examination. Morphological classification and grading were conducted according to the World Health Organisation system 16 ; staging was assessed according to the TNM classification of the International Union Against Cancer 2002. 17 Immunohistochemistry Consecutive paraffin wax embedded tissue sections 2-4 mm thick were subjected to immunostaining with the streptavidin-peroxidase technique, using the automated NexES IHC staining system (Ventana, Tucson, Arizona, USA).
The following primary antibodies directed against human proteins were used: mouse anti-basic fibroblast growth factor (anti-bFGF; clone bFM-2; 1/50 dilution; Upstate Biotechnology, Lake Placid, New York, USA), rabbit anti-vascular endothelial growth factor A (anti-VEGF-A; 1/50 dilution; Santa Cruz Biotechnology Inc, Santa Cruz, California, USA), goat anti-VEGF-C (Santa Cruz Biotechnology; 1/50 dilution), mouse anti-CD34 (clone QBEnd/10; prediluted; Ventana Medical Systems), mouse antitryptase (clone G3; 1/1500 dilution; Chemicon International, Temecula, California, USA), and mouse anti-CD68 (clone KP1; 1/100 dilution; Dako, Carpenteria, California, USA). Pressure cooker heating (in citrate buffer, pH 7.3) was used as pretreatment for antigen retrieval for bFGF staining, microwave heating (in citrate buffer, pH 7.3) for VEGF-A, and protease digestion (protease 2; Ventana Medical Systems) for VEGF-C staining.
To ensure antibody specificity, consecutive sections were incubated with isotype matched control immunoglobulins and in the absence of primary antibody. In these cases, no specific immunostaining was detected.
Double immunohistochemistry
After an initial staining procedure, performed with the streptavidin-alkaline phosphatase technique (CD68 and tryptase), slides were immediately submitted to a second staining with the streptavidin-peroxidase technique (bFGF, VEGF-A, and VEGF-C), as described above, followed by haematoxylin counterstaining.
Evaluation of the immunohistochemical results
The immunohistochemical expression of VEGF-A, VEGF-C, and bFGF in the cancer cells was assessed using a semiquantitative method to evaluate both the staining intensity (0, negative; 1, weak; 2, moderate; 3, strong) and the percentage of stained cells (0, 0% positive cells; 1, 1-25% positive cells; 2, 26-50% positive cells; 3, . 50% positive cells). The sum of the two parameters reached a maximum score of 6. A score . 3 was considered to be a positive immunohistochemical result.
To assess the number of mast cells and macrophages and the IMD each section was scanned at 640 magnification to identify the five areas (hot spots) with the highest number of mast cells (tryptase staining), macrophages (CD68 staining), and neo-vessels (CD34 staining). Perivascular areas, where inflammatory cells accumulate, were excluded. Then, each area was examined at 6200 magnification (0.949 mm 2 /field) and the stained cells/vessels were counted. The mean value of the five areas was taken as representative of the whole section. The same procedure was applied to count the number of VEGF-A positive, VEGF-C positive, and bFGF positive inflammatory cells.
Assessment of the immunohistochemical staining was performed independently by two authors (IE and MM). Contrasting results were discussed until an agreement was reached.
Statistical analysis
The data are expressed as mean (SD). The Student's t test was used for comparison of means, and categorical data comparison was carried out with the x 2 test. The Spearman rank correlation coefficient was used to determine correlations; one way analysis of variance was conducted with the ANOVA test. Survival analysis was performed with the Kaplan-Meier method and statistical comparisons were made with the log rank test. Significance was defined as p , 0.05.
RESULTS
Pathological analysis
All the tumours analysed in this series were ductal adenocarcinomas. Table 1 shows their distribution according to the TNM classification, their histopathological grading distribution, and their demographic characteristics.
In 74 patients (54%), chronic pancreatitis-like alterations were present in the non-tumorous parenchyma; in 16 cases (11.6%) an increase in the amount of periductal connective tissue (periductal fibrosis) was seen. The 10 non-neoplastic pancreas samples showed no signs of inflammation/fibrosis and were therefore considered as normal controls. (52%) (fig 1B) . Mononuclear inflammatory cells expressing VEGF-C were present in all the specimens (fig 1D) , with numbers ranging from four to 154 (mean, 36.5; SD, 20.8), and no significant differences between cases with VEGF-C positive or negative tumour cells.
VEGF-
bFGF was expressed in the cytoplasm of the cancer cells in 107 cases (78%) ( fig 1C) Expression of VEGF-A, VEGF-C, and bFGF in the normal pancreas VEGF-A, VEGF-C, and bFGF were focally expressed in the acinar cells; moderate and focal expression of VEGF-A and bFGF was also seen in the epithelial cells of the normal ducts. Endocrine cells displayed a moderate to intense positivity for the three factors. In addition, occasional inflammatory cells seen in the connective tissue septa between the acini and around the ducts stained positively for VEGF-A, VEGF-C, and bFGF. Characterisation of the inflammatory infiltrate in pancreatic adenocarcinoma and comparison with the normal pancreas A morphological analysis of the tumour specimens, together with the immunohistochemical analysis, allowed the characterisation of the inflammatory cell infiltrate in pancreatic adenocarcinoma. Sparse mononuclear cells were present around the neoplastic glands, with a tendency to cluster at the peripheral, invasive edge of the tumour. With the use of specific monoclonal antibodies, most of these cells were identified as mast cells (tryptase positive) and macrophages (CD68 positive) (fig 2A, B) . The mean number of mast cells was 61.3 (SD, 38.6; range, 7-235), whereas the mean number of macrophages was 61.4 (SD, 57.05; range, 1-363). Lymphocytes were easily identified on a morphological basis; they were present as part of the inflammatory infiltrate around the tumour glands or formed lymphoid follicles, mainly at the periphery of the tumour. Plasma cells were also occasionally present. Mast cells and macrophages were more numerous in pancreatic cancer than in the normal pancreas. Here, the mean (SD) number of mast cells was 28.2 (15.4) (p = 0.002) and that of macrophages was 6.9 (9.3) (p , 0.0001). However, the accumulation of inflammatory cells in the tumour tissues was not influenced by the presence of chronic pancreatitis-like features in the surrounding parenchyma. When correlated with the clinical and pathological parameters, the number of mast cells showed an association with the presence of lymph node metastases (p = 0.01). 
By means of double immunohistochemistry, most of the VEGF-A, VEGF-C, and bFGF expressing inflammatory cells were identified as mast cells and macrophages (fig 2C, D).
Neoangiogenesis in pancreatic adenocarcinoma
Survival analysis
The only parameter that significantly affected the patients' survival was the presence of distant metastases (p = 0.04). Neither the IMD nor the number of infiltrating inflammatory cells showed a significant impact on the patients' prognosis. However, when patients with low numbers of infiltrating mast cells (( 25 centile) were compared with those with high numbers of infiltrating mast cells (> 75 centile), a tendency towards a longer survival of the first group (mean survival time, 19 v 16 months) was seen. Moreover, patients with low numbers of infiltrating mast cells/macrophages and low IMD had a slightly better prognosis than those with high numbers of infiltrating mast cells/macrophages and high IMD (mean survival time 24 v 18 months and 24 v 16 months, respectively). However, these differences were not significant (fig 3) .
DISCUSSION
The role of inflammatory cells in human cancer is controversial. The accumulation of inflammatory cells at tumour sites has been considered a mechanism of host defence. The growth of a neoplasm induces a specific, lymphocyte mediated immune response as a result of the expression of new antigens by the cancer cells and a non-specific inflammatory reaction, which follows tissue destruction and remodelling. Although the presence of infiltrating inflammatory cells in a tumour mass represents the basis of the ''immunosurveillance'' against tumour growth, 18 19 many recent studies indicate that the inflammatory component of a developing neoplasm can provide useful means for cancer growth and spreading, 20 21 mostly by potentiating extracellular matrix remodelling and angiogenesis.
Our study has characterised the inflammatory cell infiltrate in pancreatic ductal adenocarcinoma, showing that mast cells and macrophages are the most common cell types of the nonspecific immune response. Moreover, they express proangiogenic growth factors-namely, VEGF-A, and, to a lesser extent, bFGF, and VEGF-C. A previous study has described the expression of angiogenesis related factors (thymidine phosphorylase and bFGF) in stromal cells (macrophages, lymphocytes, and fibroblasts) in pancreatic cancer. 22 In that study no correlation was seen between the expression of growth factors in the stromal cells and the IMD; however, thymidine phosphorylase expression in the stromal cells was found to be an independent predictor of survival. In addition, Tang and et al described a ''faint VEGF-C immunoreactivity … in some of the monocytes within the connective tissue around the cancer cells'' in pancreatic cancer, 23 but they did not further analyse this finding.
''Not only the cancer cells, but also the inflammatory cells, which express proangiogenic growth factors and accumulate in cases with higher IMD, influence the angiogenic properties of pancreatic cancer''
As reported previously, [23] [24] [25] the results of our present study show that pancreatic cancer cells themselves are an important source of proangiogenic factors; in particular, we show a direct correlation between VEGF-A and bFGF expression in the cancer cells and the IMD, in accordance with previous studies. 22 26 In addition, the results of our analysis suggest that not only the cancer cells, but also the inflammatory cells, which express proangiogenic growth factors and accumulate in cases with higher IMD, influence the angiogenic properties of pancreatic cancer. The evaluation of the expression of the above mentioned growth factors in the cancer cells revealed that the tumours analysed in our series exhibited a sort of angiogenic factor specific phenotype: that is, the number of VEGF-A positive inflammatory cells was higher in tumours with VEGF-A positive cancer cells and the number of bFGF positive inflammatory cells was higher in tumours with bFGF positive cancer cells. The chemotactic activity of VEGF-A, bFGF, and VEGF-C on inflammatory cells, which in turn express specific receptors for these factors, 27 28 is well known. 29 30 The infiltration of inflammatory cells into the tumour tissue is often related to an increased expression of proangiogenic growth factors by the tumour cells. For example, a higher expression of VEGF-A by lung adenocarcinoma cells than by squamous cancer cells leads to a more abundant number of infiltrating mast cells, which in turn negatively affects the patient's survival. 31 Another possible mechanism of inflammatory cell recruitment to tumour tissues is the expression of chemoattractant molecules by the tumour cells, as described for monocyte chemoattractant protein 1 in oesophageal cancer tissues and cell lines. 32 Moreover, immune complexes made up of immunoglobulins and tumour associated antigens provide a further mechanism of inflammatory cell recruitment into the cancer tissue, and can directly promote the secretion of VEGF by macrophages. 33 The capacity of mast cells and macrophages to produce proangiogenic growth factors has been described previously, [34] [35] [36] and a correlation between the number of tumour infiltrating macrophages/mast cells and the IMD has been demonstrated in other human malignancies, including nonsmall cell lung cancer, 31 37 oesophageal cancer, 14 32 gastric cancer, 38 cervix and endometrial carcinoma, 39 40 and breast carcinoma. 41 In addition, the mast cell specific proteases tryptase and chymase, both expressed by pancreatic mast cells, 42 can promote angiogenesis 43 44 ; in particular, tryptase can specifically induce endothelial cell proliferation and capillary formation. 45 The evaluation of the IMD has prognostic relevance in many human cancers, including pancreatic cancer. [46] [47] [48] Moreover, the identification of tumours with high angiogenic activity could have therapeutic implications, particularly for tumours such as pancreatic cancer, where conventional cytotoxic treatments have limited efficacy. 49 50 Our results imply that the production of proangiogenic growth factors by the inflammatory cells could help define the angiogenic phenotype of a tumour, which could then be subjected to antiangiogenic treatment. In addition, the use of quantitative parameters, such as a count of the newly formed vessels (IMD) or of the number of infiltrating inflammatory cells, is more reproducible and could provide more useful information to the clinician than the semiquantitative assessment of proangiogenic factor expression by the tumour cells. In this series, the only factor that significantly affected the patients' survival was the presence of distant metastases. Interestingly, tumours with high numbers of infiltrating mast cells displayed a tendency towards a shorter survival than tumours with low numbers of infiltrating mast cells; moreover, tumours with high numbers of infiltrating mast cells/ macrophages and high IMD had a worse prognosis than tumours with low numbers of infiltrating mast cells/macrophages and low IMD. However, in both cases the differences in survival were not significant, probably because of the small number of cases analysed. These results suggest that inflammatory cells have a more detrimental than protective role in pancreatic cancer, as has already been shown in other human tumours. 12-14 31 Larger studies are needed to confirm the prognostic relevance of inflammatory cell infiltration in pancreatic cancer.
In our present study, mast cell numbers correlated with the presence of lymph node metastases, as has been described in squamous cell carcinoma of the oesophagus 14 and lung adenocarcinoma. 13 A possible explanation for this fact could be the ability of inflammatory cells to increase the number of peritumorous lymph vessels through the production of VEGF-C. Tumour associated macrophages have been found to express VEGF-C and its receptor (VEGFR3) and to have a direct influence on the process of lymphangiogenesis and lymphatic metastasis 51 ; according to the results of this study, VEGF-C is also expressed by mast cells. The capacity to express VEGF-C seems to be acquired by the macrophages once they become part of the peritumorous inflammatory infiltrate and are under the influence of the tumour microenvironment, because their blood precursors are VEGF-C negative. 51 However, we have found proangiogenic growth factor expressing inflammatory cells in the normal pancreas also. Stimuli related to normal tissue remodelling and renewal probably induce modification in the local population of inflammatory cells (for example, they can induce the expression of growth factors or enzymes that modify the interactions between the epithelial cells and the extracellular matrix), a process that will be amplified in the case of major tissue destruction, as happens in the vicinity of a developing tumour.
''Our results suggest that inflammatory cells have a more detrimental than protective role in pancreatic cancer, as has already been shown in other human tumours'' VEGF-C has been shown to stimulate the growth of intratumorous lymph vessels in a nude mouse model of breast cancer. 52 Moreover, VEGF-C overexpression correlates with the rates of lymph node metastases in many human cancers, including pancreatic cancer. 23 Surprisingly, no correlation between VEGF-C expression by the tumour cells and the presence of lymph node metastases was found in our study. Instead, the number of VEGF-C positive inflammatory cells was higher in N+ cases, a fact that underscores again the important role of the inflammatory infiltrate in influencing the biological properties of pancreatic adenocarcinoma.
In conclusion, we have shown an increase in the numbers of macrophages and mast cells in the stroma of pancreatic cancer in comparison with the normal pancreas. This accumulation seems not to be related to a concomitant condition of chronic inflammation of the pancreatic parenchyma, and could result from chemotactic stimuli released by the cancer cells. The inflammatory cells, through the expression of angiogenic growth factors, probably contribute to the development of tumours with high angiogenic activity, which may benefit from alternative therapeutic strategies.
